ABSTRACT
INTRODUCTION
Maize (Zea mays L.) is one of the most important staple food crops in West and Central Africa. The Savanna of West and Central Africa has one of the greatest potential for its major production because of relatively higher incident of solar radiation and lower incident of pest and diseases during the cropping season (Badu-Apraku et al., 2006) . In 2008, the world production was 822.7 million tonnes, 53.4 million tonnes for Africa and 7.5 million tonnes for Nigeria (FAO, 2010) . Maize production has expanded dramatically in the Northern Guinea Savanna of West Africa where it has replaced traditional cereals and serves as both a food and a cash crop. In West Africa, Manyong et al. (1996) assessed maize as one of the five main crops of the farming systems in 124.7 million hectare or 72% of West Africa. The Northern Guinea Savanna alone took about 92% of total area grown to maize in Nigeria. Maize is also widely believed to have the greatest potential among food crops for attaining the technological breakthroughs that will improve food production in the region (Kamara and Sanginga, 2001) . Growing maize at appropriate spacing is one of the bases for higher yield, whereas intra-row spacing at sub optimum is a major constrain to attaining the yield potential of the crop (Alofe et al., 1988) . Intrarow spacing for maximum grain yield in maize varies from 20 to 45 cm (Olson and Sanders, 1988) . There is no single recommendation for all environments and all maize types and varieties because optimum spacing for optimum maize yield could vary depending on climatic factors such factors as soil fertility, variety and type, planting date and planting pattern among others (Luis, 2001) . The intra-row spacing used by the local farmers for open pollinated extra-early maize was found to be the same as for hybrid, medium and late maturing varieties. This could be a reason for the low yield obtained by farmers. Morphologically, extra-early maize varieties are generally shorter in height (185-190 cm) , have fewer number of leaves per plant, flowering occurs at about 40 days after sowing (Elemo, 1997) . Because of the high nutrient demand by maize, its production requires high inputs of fertilizer. However, because of high cost, unavailability and low levels of soil organic matter, alternative organic sources of nutrients particularly N needs to be included in maize fertilization. The use of animal manure is needed to ensure an efficient nutrient management in the maizebased cropping systems in the Northern Guinea Savanna. Research conducted in Northern Guinea Savanna and elsewhere had shown great improvement in the yield of crop as a result of improvement in organic matter content of the soil (Boateng et al., 2006) . The present study was therefore designed to determine the influence of intrarow spacing, nitrogen and poultry manure rates on the yield and yield components of extra-early maize. ) and four levels of poultry manure (0, 2, 4 and 6 t ha -1 ). These treatments were laid out in a split plot design with combination of nitrogen and poultry manure rates assigned to the main plot, while intra-row spacing was assigned to the subplot and replicated three times. The gross plot size was 4.0 m x 4.5 m (18 m 2 ) and net plot size was 4 m x 1.5 m (6 m 2 ). Composite soil samples of the experimental site and poultry manure used during the experimental periods were collected prior to establishment of the trial for each year and analysed for their chemical properties in each year. The soil in the experimental area is sandy loam; low in organic carbon and total N. While poultry manure used has high total N ( (45 kg P 2 O 5 ) were applied at planting using muriate of potash (MOP) and single super phosphate (SSP) as sources respectively. The incorporation of poultry manure as per treatment was done two weeks before sowing. Nitrogen in the form of urea (46%N) was applied in two split doses as per treatment at 3 and 5 WAS by side dressing. There was no serious incidence of pest and disease recorded during the three cropping seasons. Therefore no control measure was taken. Harvesting was done when the crops reached physiological maturity i.e. when the attachment of the grain to the cob was observed to be black and leaves turned yellow and brown and kernels were dried in the field. The cobs were plucked, dehusked and further sun-dried. The cobs were then weighed, threshed and winnowed to obtain clean grain.
MATERIALS AND METHODS
Data collected includes number of cobs plant -1 , number of kernel row cob -1
, cob diameter, cob length, 100-grain weight and grain yield. All data collected were subjected to General Linear model procedure (GLM) of the Statistical Analysis System (SAS institute Inc. 1990) and differences between the treatments were compared using Duncan Multiple Range Test as described by Duncan (1955) . Polynomial responses of grain yield to the treatments were done using a regression analysis as suggested by Barr and Goodnight (1972) . Optimum levels of nitrogen and poultry manure for maximum grain yield were calculated as suggested by Garg and Bansal (1972) and Reddy et al. (1975) . Table 2 shows the effect of intra-row spacing, nitrogen and poultry manure rates on number of cob plant -1 , number of rows cob -1 and cob diameter. In all the years, there were no significant differences in all the intra-row spacing treatments on number of cob plant . In all the parameters tested, poultry manure treatments had no significant effect in all the years except in combined seasons for number of cob plant produced significantly wider cobs only than the control. Significant (P<0.05) interaction was observed between intra-row spacing and poultry manure on cob diameter in 2007 rainy season, where application of 2 t poultry manure ha -1 produced significantly wider cobs (Table 4) . Table 3 shows the effects of intra-row spacing; nitrogen and poultry manure on cob length, 100-grain weight and grain yield in all years and combined. Intra-row spacing had no significant effect on cob length at all the years and combined. Intrarow spacing significantly increase 100-grain weight in 2006 , 2007 and combined. In 2006 2007 and combined 30cm intra-row spacing produced significantly heavier 100-grain weight than 20cm. Intra-row spacing of 30cm in 2006 and 2008 produced significantly lower grain yield than 20 and 25cm which were statistically at par. In 2007, the highest grain yield was obtained at 25 cm intra-row spacing followed by 20 and 30 cm which were statistically at par. When the three years data were combined, 25cm had the highest grain yield than 30cm which produced significantly similar grain yield with 20cm. Application of 120 kg N ha -1 produced significantly longer cobs, heavier 100-grain weight and higher grain yield in 2006, 2007 and combined (Tables 5 and 6 ).
RESULTS

Regression Analysis
The regression analysis of grain yield against nitrogen rates gave the following optimum yields 4868. 94 not sharing a letter differ significantly from each other at 5% probability level. NS= not significant, *= significant at P < 0.05 not sharing a letter differ significantly from each other at 5% probability level. NS= not significant, *= significant at P < 0.05 Any two means not sharing a letter differ significantly from each other at 5% probability level. Any two means not sharing a letter differ significantly from each other at 5% probability level. (Hussaini et al., 2001) . The mean rainfall in 2006 was 84 mm and was evenly distributed from July to September and this period corresponds with flowering and grain filling stages. However in 2007, there was early cessation of rainfall at the end of September and was not evenly distributed (Appendix I). In 2008 rainy season there was more rain and it was not evenly distributed (Appendix I) and water logging at the center of the field was observed. This could cause the leaching of the soil nutrients down the soil profile beyond the root zone of the crop or the nutrients washed away, consequently causing reduction in yield.
Yield and yield components studied responded significantly (P < 0.05) to variation in intra-row spacing. Number of cobs plant , cob diameter were all significantly decreased when intra-row spacing decreased from 30 to 20 cm. This resulted in limited supplies of carbon and nitrogen and consequent increase in barrenness and decrease in grain number plant -1 as result of intense intra-plant competition for light, soil nutrient and soil water. Maize intra-row spacing for maximum economic yield varies from 18 to 45 cm depending on planting date, water availability, soil fertility and maturity (Sangoi, 2001) . The increase in yield might be due to better light utilization by the closely spaced plants, hence higher dry matter for grain filling. This result was in agreement with the findings of Okan et al. (2004) who obtained highest yield from lowest intra-row spacing (20 cm). Nitrogen fertilization significantly increased extra early maize development. The trend was manifested in all seasons. Yield component such as cob diameter, 100-grain weight and grain yield ha -1 were all optimized at 80 kg N ha -1
. This could be due to the fact that excessive nitrogen reduce grain yield but enhanced plant growth. . This is because an increase in nitrogen application positively enhance the chlorophyll content in plant thereby improving photosynthetic activities that promotes assimilate production and this will result in the increase in final yield. Nitrogen fertilization significantly (P < 0.005) increased maize grain yield with each increase in nitrogen between 40 to 80 kg ha -1 . Hussaini, et al. (2001) reported similar response where they attributed this significant increase in yield to favourable effect of nitrogen on cob length and cob diameter, which all have direct bearing on the final grain yield. The increase in yield could be as a result of good dry matter production for grain filling as a result of higher number of leaves. It was observed that poultry manure application significantly increased most of the yield components compared with plots that received no poultry manure. Yield and yield components of maize such as cob diameter and 100-grain weight were all highest at 4 t poultry manure ha -1 in 2006, 2007 and combined means. This could be attributed to the ability of poultry manure to supply essential nutrients and micronutrients for crop production. They are also valuable sources of soil organic matter. Organic matter improves soil structure; increases water holding capacity of soil and are source of slow-release nutrient. Soil organic matter also contributes to greater efficiency of fertilizer use. The significant response of 100-grain weight and grain yield to applied nitrogen and poultry manure signified the importance of N in the development of maize. The increase in these parameters could be due to synergy effects of nitrogen and poultry manure. The interactions ascertain the affirmation that the combined application of both organic and inorganic manure is essential for crop yield. Boateng et al. (2006) reported similar result where interaction between N and Poultry manure increases the yield of maize crop and improve the soil structures and chemical nutrients of the soil. The significant interaction between intra-row spacing and poultry manure on cob diameter, 100 grain weight and grain yield showed the importance of poultry manure on yield and yield components of maize crop. Poultry manure increases both soil physical and chemical properties. The yield increase with poultry manure application at 2 t ha -1 at closer spacing might be due to availability of nutrients for crop use. The significant interaction between intra-row spacing and nitrogen on grain yield showed the importance of nitrogen on yield of maize crop. The yield increase with higher nitrogen rates at closer spacing might be due to improved rooting depth, leaf area expansion and thus the efficiency in the use of solar radiation which indirectly increases dry matter production for grain filling, therefore increases yield. Tenaw (2000) reported similar trend where nitrogen x intra-row spacing gave yield component and yield at the lowest intra-row spacing of 18 cm x 60 kg N ha -1 . From the results of the regression analysis it was observed that optimum yield was a combination of 20 cm intra-row spacing, 82 kg N ha -1 and 1.91 t poultry manure ha -1 in combined. Based on the results obtained it can be concluded that optimum grain yield of extra early maize was obtained at 25cm intra-row spacing, 82 kg N ha -1 and 1.91 t poultry manure ha -1 .
